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CTPYKTyPLI KPyCTAJIJIOB C KAPEAMM^QM 
. H . KypnyTOBa, T. <&. Pay 
k a p ö a m m f l CO(NH2)2 s k t m b h o b 3 a m m o f l e m c t b y e t c c o j i h m h m e j i o ^ h b i x , 
[nejioHHo-3eMejibHbix n o c o ö c h h o nepexoflHbix MeTajuioB, o6pa3yji k o m ü -
jieKCbi. B nocjieflHMe ro^bi cBoíícTBa m cTpyrcrypbi KpiiCTaJinoB c KapöaMii/joM 
I'13yHaiOTC5I pa3JIMHHbIMH (|)M3MKO-XMMMHeCKMMM MCTO^aMM: MK-CneKTpOC-
KonMH, 3JieKTpoHHo-napaMarHMTHbiíi pe30Hanc, TepMorpac£)Míi, peHTrenocT-
pyKTypnbiM aHaJiM3. HaKoriJieHne onwTHbix c^aKTOB n 3aK0H0MepH0CTeií no3-
BOJIMT npOHMKHyTb B MexaHM3M B3aflMMOAeMCTBMa aTOMOB flaHHblX OÖ'beKTOB, 
BblíIBMTb H nOH5ITb XapaKTep B3aMMOAeMCTBMH KapÖaMM^a C pa3JIM^HbIMM 
K0MnjieKC006pa30BaTejiHMM m aHMOHaMM. Ba>Kno ycTanoBMTb Kondpiirypa-
u n t o m CTpyKTypHyio pojib MOJieKyji CO(NH2)2 b cocamhchm^x no Mepe 
yBejiMMeHMH mx HMcna b CTpyrcrype. B xo#e cTpyicrypHbix MccjieAOBaHníí, 
npoBOAMMbix MeTo/jaMii pemreHOCTpyicTyHoro aHajni3a, pacKpbiBaiOTCíi 
iiafljiOKamHM 0Öpa30M cjie^ytomne BonpocM : 1. cnocoö npncoe/jHHeHMji 
MOJieKyji KapöaMM^a K aT0My-K0MnjieKC006pa30BaTejiK), 2. B3aMM0AeíícTBMe 
mx c aHMonaMM, 3. Kont}inrypau,Míi MOJieKyji CO ( N H ^ mx yrjioBbie m jim-
HeÜHbie xapaKTcpMCTiiKM b coeflMiieiiMíix c oprainmecKiiMM m HeopraHM-
qeCKMMIl KOMnOHCHTaMM, 4 . c f ) o p m b i ICOpAMHaHMOHHblX riOJIMSflpOB pa3JTMH-
Hbix m e t a j u i o b b k a p ö a m m ^ h b i x KOMnjieKcax, 5 . b j i m h h m c k a p ö a m h ^ h o r o 
a ^ y K T a Ha o6m;ee CTpoemie pa3JiMMHbix KjiaccoB coe^MHeHMM (cyjibtjDaTOB, 
HMTpaTOB M T. J\.). 
HaMM MCCJieflOBaHo McroflaMH peHTreHocxpyKTypnoro anajiM3a CBbime 
^ e c h t m KapöaMMAbix coe/jnHeniiM b HacTHOcra nccjieAOBana rpynna h m t -
paTOB, MOjiexyjibi KOTophix coflep>KaT pa3Hoe m m c j i o KapöaivraflHbix m o -
jiei<yji (ot 2 j\o 10): 
C o ( N O : 0 2 • n C 0 ( N F 2 ) 2 • m H 2 0 , r ^ e n=2, 4 , 1 0 n m = 4 , 2 , 0 . 
B flaHHOM CTaTbe KpaTico M3Jio>KeHbi o c h o b h l i g pesyjibTaTbi peHTre-
HocTpyicTypHoro MCCJie^oBaHiiH Tpex KOMiuieKcnbix coe^MHeHMn c KapÖa-
m h f l o m . 
CTpyKTypa Co(N03)2 • 4 CO (NH2)2 -2 H 2 0 (HMTpaT ^iiaKBOTeTpaKapöa-
Mima KOÖajibTa (n) nivieeT MOHOKJiMHHyio íineüxy c pa3MepaMM: a = 6 . 9 5 ; 
6 = 1 7 , 8 6 ; c = 7 , 6 1 ; /5=85°; Z = 2 . IlpocTpaHCTBeHHaH rpynna Cr,h = P 2 [ / n 
onpe/jejiíieTCfl no ciicTeMaTiinecKnM noracami^M 0,a,H03HaHH0. 3KCiiepn-
MeHTajibHbiM MaTepnanoM fljiH onpe^ejiemiíi aTOMnoíí cTpyKTypbi cjiy^cujin 
HHTeHcnBHocTM OTpa^cennM ha BawcenSeprorpaMMax okI — 5kI, ho l — 
41 1, hKo — hK5 nojiyncHHbix c MOHOKpucTajuia Ha He0T(£)njibTp0BaHH0M 
m o j t m ö ^ e H O ' j o m I13JiyneHHM. M h T C H C H B H C C T M AHCÍ3paKlJ,M0HHblX pCC]3JieKCOB 
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cmeHMBajT/íCb BM3yaJibHo, ^ajiee c y^eTOM KMHeMaTMHecKoro m nojmpMsa-
i ^ m o h h o f o c | ) a k t o p o b n e p e c m m t b i b a j í m c b b 3KcnepMMeHTajibHbie CTpyKTypbi 
aMnjiMTy^bi Fhki 
Mo^eub aTOMHOM CTpyKTypbi naÜRena nyTeM aHajiM3a TpexMepHOÍi 
(JjyHKIÍMM üaTepCOHa, paCCHMTaHHOM Ha 3JieKTpOHHO-BbiqMCJIMTejIbHOI4 
ManiMHe. ^ j i j i xapaKTepncTMKM nnKOB no Beimmme m x m o i i j h o c t m öbijia 
npoM3Be^eHa no Bioprepy [I] KajiMÖpoBica i i m k o b naTepcoHOBCKOM cJ)yHK-
HHM. HyjieBOM nnK cocTaBMJi 549 OTHOcMTejibHbix eflMHMLi,, oTKy^a npn Mac-
LUTaöe m = 5 4 9 nivieeM 2 ) 3 —63. BejumMHa TeopeTM^ecKoro Hanajib-
Horo MaKCMMyMa cocTaBjiiieT ) r = 4014. Pe3yjibTaT KaJinöpoBKM 
ripe^CTaBJieH b TaöjiMije. 
Taöjmija 
KajiiiöpoBKa ni-iKOB naTepcoHOBCKoro CMHxesa 
c o e ^ m h e h m i i c o ( n o j ) 2 • 4 c o ( n h 2 ) 2 • 2 h 2 0 
t 
'» f • f i J 
!MoiunocTb miKa na 
BCKTOp InaTCpCOHOBCKOM ; 'CMHTC3C 
Co — Co 729 12 
Co — 0 216 3,5 
Co — N 189 3, 
Co — C 162 2,6 
O — O 64 1,02 
O — N 56 0,9 
O — C 48 0,8 
N — N 49 0,8 
N —C 42 0,7 
C —C 36 0,6 
143 Ta6nMu,bi cjie^ycT, HTO MaKCMMaJlbHyiO BejIMHMHy COCTaBJIHIOT IIMKM 
c b í i 3 k m [ 2 ] KOÖaJTbTa, 3 a t c m IIMKM B3aMMO,fl;eMCTBMH [ 3 ] KOÖaJIbTa C flpyrMMM 
aTOMaMM cTpyicrypbi. y^HTbiBaíi icpaTHocTb no3nu,MM npocTpaHCTBeHHoíí 
rpynnbi P2jn m m m c j i o cjDopMyjibHbix c a m h m i j b weitKe ( z = 2 ) , c c t c c t b c h h o 
öbiJio noMecTMTb aTOMbi Co b neinpax c m m m c t p m m c KOopflMHaTaMM ( 0 , 0 , 0 ; 
1/2, 1/2, 1/2). ripii Haxoxc^emiM KoopflMnaT Qojiee jierKHx aTOMOB 0Ka3aJiCii 
b e c b m a nojie3HbiM m c t o a p o m ö o b [ 4 ] , k o t o p w í í n 0 3 b 0 j i í i e t n p o b e c t m c o b -
MeCTHblM aHaJlM3 nMKOB CBÍI3KM M B3aMMOfleMCTBHíI flJIfl Ka^KflOÍÍ napbl He3K 
BHBaJICHTHblX aTOMOB. b OCHOBe 3TOTO MÜTOfla JIOKMT npeflCTaBJieHMe oc-
HOBHOM cMCTeMbi Q (xyz) B BM/je CMCTeMbi n 0Tpe3K0B (n-i<paTHOCTb rpynribi), 
coeflMHiHomMx napbi neSKBnBajieHTHbix aTOMOB. OKOH^aTenbHo MOflejib 
CTpyKTypbi y t o m h í i j i a c b m c t o / j o m n o c j i e a o b a t e j i b h b i x p a ^ o b Oypbe m m c t o -
t(om HaMMeHbiniMX kba/JpaTOB (b M30Tp0IIH0M npMÖJIMJKeHMM). 
OcHOBHbie HepTbi CTpyKTypbi C o ( n o : j ) 2 • 4 c o ( n h 2 ) 2 • 2 h 2 0 b m ^ h w Ha 
pnc. i . CTpyicrypy m o j k h o o t h c c t m k 0CTp0BH0My rany. ^Ba aTOMa Co pac-
nojiaraiOTCH b i jempax c m m m c t p m m b h y t p m oKTasflpOB, 0Öpa30BaHHbix ne-
TbipbMH aTOMaMM o ó t KapöaMM^Hbix rpynn c o ( n h 2 ) 2 m ^Byiviii h 2 0 
(BHyTpeHHHíi KoopflMHaiiMOHHaH cc|3epa). Mojiexyjibi BOflbi HaxoflíiTCíi b 
TpaHC-nojio^ceHMM «pyr k flpyry. MoHOAeHTaTHbie jiiiraHflbi c o ( n h 2 ) 2 
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Pnc. 1 . npoeKLjiifl CTpyKTypbi Co(NO:!)2 • 4CO(NH2)2- 2H20 b a o j i l o c h y. 
B3aMM0AcíícTByi0T c MCTajuioM nepe3 aTOM KMCJiopofla m pacnojio>KeHbi b 
,,0CH0BaHj4w'; oicraaflpa. 
BTopaü Mccjie^oBaHHaH h s m m CTpyKTypa C o ( N 0 3 ) 2 • 10 C O ( N H o ) 2 h m t -
paT fleKaKapöaMM^a Koöajrra (il)-xapaKTepn3yeTCíi t p m k j i m h h o í í h h e ü k o i í c 
nappaMCTpaMH a = l l í 9 2 ; b = 9 , 8 9 ; c = 7 , 3 5 ; a=85, '0°; /§=94,8°' y—98,5° Z = I , 
npocTpaHCTBeHHaH rpynna Pl. TpexMepiiLiM Haöop ii63aBMCMMbix HeHyjie. 
Bbix CTpyKTypHbix 0aKTOpOB 1800) nojiy^cH M3 peHTr°Hr0HM0MeTpii-
^iecKMx pa3BepT0K cjioeBbix j i m h m í í ho l — h4I, oi<I, hxo — hic4. H m t c h c m b -
HOCTM OTpa>KCIiMÍÍ OU,eHMBaJIMCb MMKpOCj)OTOMeTpOM MO—2. 
Jinx paCUIMC]DpOBKH CTpyKTypbi Co(N03)'2 • 10CO(NH2)2 Mbl paCCTMTbl-
BajiM c^yHKnmo MOKaTOMHbix BeicropoB P (uvw) M B xo^e ee anajiM3a npn-
MeHMJiM BepoHTHOCTHbiM no^xo/J, paspaöoTaHHbiti H. B. EejiOBbiM M /],py-
rMMM aBTODaMM [5], B COOTBCTCTBMM C 3TMM IIOflXOflOM cbyHKIÍMH naTep-
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Pmc. 2. n p o e i a j m i cTpyKTypbi Co(N03)2- 10 CO(NH2)2 na njiOKOCTb yz. 
c o h a n p e f l c t a b j i n e t coöoíí c o b o k y n u o c t b b c k t o p o b , c paBHoíí b e p o h t h o c t b k ) 
nonaflaiomMx b jiioöyio TOHKy (oöjiaerb) naTepcoHOBCKOM fmeüKvi. SaKjnio-
MMTejibHbie koop^MHaTbi Bcex a t o m o b b a j i e m e h t a p h o m OTeMKe nojiyneiibi n 3 
CepMIl c m h t c 3 0 b SJieKTpOHHOM i t j i o t h o c t m , flajiee yTOHHeHbl m c t o f l o m HaM-
MeHbniMx KBaApaTOB. 
OrpyKTypa C o ( N 0 3 ) 2 • 10 CO(NH2)2 nocTpoeHa M3 KOMnjieKCHbix KaTM-
HOB [ C o ( O C N 2 H 4 ) 6 ] 2 + , aHMOHOB N 0 3 ~ m BHeniHeccj3epHbix MOJieKyji 
C O ( N H 2 ) 2 , K O T O p b i e o6i>eflHHeHbi B eflMHbiíi KapKac c j i o j k h o í í c m c t c m o m 
BOAopoflHbix CBH3eíí (pMC. 2). A t o m b i C o pacnojio^ceribi B ijeHTpax Hi-iBep-
cmm BHyTpM OKTasflpoB, 0Öpa30BaHHbix aTOMaMM O uiecTM MOJieKyji icapöa-
MM/|a CO(NH2)2 . BHeuiHM K00p/jMHaij;M0HHaíi c^jepa npe^CTaBjieHa flByMíí 
TpeyrojibHMKaMii N 0 3 m nepTbipbMH CO(NH2)2 . 
M^y^eime aTOMHoro CTpoeHMH KapöaMMflbix c o c / j m h c h m m KOÖanbTa 
öbijio np0/];0Ji>KeH0 HaMM Ha KpncraJiJiax Co(N03)2 • 2CO(NH2)2 • 4 H 2 0 , 
HMeiomiix b c b o e m cocTaBe ABe MOJieKyjibi KapöaMH^a. TlapaMeTpbi t p m k -
j i m h h o í í ü ^ e m k m 0Ka3aJlMCb CJieflyiOmHMM: a = 5 , 1 2 ; b = 7 , 1 6 ; c = 9 , 8 4 ; a = 
80,2°;/5=96,8°; 7=110,5°; Z = I ; npocTpaHCTBeHHaü rpynna Pl . Heoöxofln-
MbiM fljiH o n p e f l e j i e H n a CTpyKTypbi sKcnepMMeHTajibHbiM MaTepna j i ( o k o j i o 
1800 O T p a ^ c e h m m ) nojiyHeH m 3 BaíiceHÖeprorpaMM hO I — h5 I , o k I — 3 k I , 
h kő — h K 1. 
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CrpyKTypa HHTpaTa TeTpaaKBOflMKapSaMii/ja KOÖajibTa (II) Co(NO;!)2 • 
2CO(NH2)2 • 4 H 2 0 onpe/ je j ieHa m c t o / j o m TíDKejioro aTOMa c yneTOM xa-
paKTepHHX KpMCTaJIJIOXMMMHeCKMX 3aKOHOMepHOCTeM, HaM/jeHHblX paHee. 
KaK m b npeAbi^ymnx CTpyKTypax KoopflMHaijMfl MeTajuia-OKTaaflpn-
HCCKan. JlMraH^aMM KoöaJibTa í i b j i j i i o t c í i /jBe KapöaMM^Hbie rpynribi, Ha-
xo^HmiiecH b TpaHc-nojio^ceHMM oTHOCMTejibHo flpyr flpyra, m neTbipe mo-
jieKyjibi BO^bi, pacnojio^ceHHbie b SKBaTopMajibnoíí njiocKocTM. CjioKHan 
cwcTeMa H-cBH3eM oö'be.n.MHKeT CTpyKTyKHbie eflMHHMijbi b TpexMepHbiíí mo-
TMB (Ha pMCyHKaX H-CBH3M I10Ka3aHbI IUTpPIXOBblMM J I H H H H M m ) . 
noj iHoe peHTreHocTpyKTypHoe MccjieAOBaHMe 3 t m x Tpex m ^pyrnx 
Kap6aMMflco,fl,ep>KainMx HMTpaTOB KOÖajibTa c pa3HbiM m m c j i o m MOJieKyji 
CO(NH2)2 b sjieMeHTapHoíí íraeíiKe n03B0jmeT c/jejiaTb HexoTopbie oöoöme-
HH5I M BblBOflbl. 
r i p e ^ e Bcero bo Bcex M3yHeHHbix KoopflMHaijMOHHbix coc^mhchmhx mo-
jieKyjiw CO(NH2)2, ABjmjicb MOHO^eHTaTHbiMw jinraimaMM, bxo^íit b k o o p ^ m -
HaiiMOHHyK) ccfcepy MeTajuia. npMcoeAHHeHMe KapöaMM^Hbix rpynn ocy-
mecTBjiHeTCíi Mepe3 aTOM KMCJiopofla, a He a30Ta JlMHeíiHbie m yrjioBbie 
MCKa>KeHMíI Co-nOJIM3flpOB He3HaHMTejIbHbI. Me^KaTOMHbie paCCTOHHMíI H 
BajieHTHbie yrjibi b KpncTaJiJiMHecKOM m Koop^iiHanMOHHOM KapöaMMfle, 
BXOflfllHeM B COCTaB CJIOJKHblX COeAMHeHMM, HeCKOJIbKO pa3JIMHHbI. 
Tpynnbi N 0 3 ~ b M3yneHHbix Ha mm coeflMHeHMJix npeflCTaBjunoT coöoií 
njiocKMe, ^ec^opMMpoBaHHbie TpeyrojibHMKM, e p e d n e Me>KaTOMHbie pacc-
t o í i h m j i m BajieHTHbie yrjibi b k o t o p m x cooTBeTCTByiOT jiMTepaTypubiM ^aH-
HbiM. Bo Bcex CTpyKTypax NO ; í— He b x o ^ m t b KOopAWHaijMOHHyio cc|)epy. 
OT^ejibHbie cjDparMeHTbi b CTpyKTypax o6i>eAMHíitOTCH b eAMHoe ijejioe 
TpeXMepHOM CHCTeMOÍÍ H-CBíI3eÍÍ, flOHOpaMM npOTOHOB B KOTOpbIX 2BJIHK)TCÍI 
MOJieKyjibi CO(NH 2 ) 2 m H 2 0 . HajiMHMe öoj ibuioro nnc j ia H-CBíi3eM b CTpyK-
Typax oÖT>íicHíieT HeK0T0pbie cjDM3MHecKMe CBOMCTBa KpMCTajiJioB: xpyn-
KocTb, pa3pyuieHne b peHTrenoBCKHx jiyqax, HeycToiiHMBocTb bo BHeuraeM 
cpe^e. 
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